The CYP2D6 gene encodes for an enzyme that is involved in the metabolism of more than 25% of all medications, including many opioids and antiemetics. It may contribute to the risk of postoperative nausea and vomiting (PONV), a common surgical complication. However, little research has been conducted in this area. The purpose of this study was to explore the association of CYP2D6 genotypes with PONV in adult surgical trauma patients. Data from 112 patients (28% female) with single extremity fractures, aged 18-70 years, were analyzed. PONV was defined as present if patients reported nausea, were observed vomiting, or received medication for PONV. Saliva samples collected for DNA extraction and Taqman ® allele discrimination and quantitative real time polymerase chain reaction (qRT-PCR) were used to collect genotype data that were then used to assign CYP2D6 phenotype classification. The incidence of PONV was 38% in the postanesthesia care unit and increased to 50% when assessed at 48 hr. CYP2D6 classification results were 7 (6%) poor metabolizers, 34 (30%) intermediate metabolizers, and 71 (63%) extensive metabolizers. No ultrarapid metabolizers were identified. Patients who were classified as poor metabolizers had less PONV and higher pain scores. Gender and history of PONV, but not smoking, were also significant risk factors. Findings suggest variability in CYP2D6 impacts susceptibility to PONV.
Postoperative nausea and vomiting (PONV) has long been a major concern for nurses caring for surgical patients. PONV is a strong predictor for prolonged hospital stay and the most frequent cause for unanticipated admission following outpatient procedures (Marla & Stallard, 2009 ). In addition to extreme discomfort, potential adverse effects include aspiration, wound dehiscence, bleeding, hematoma, dehydration, electrolyte imbalance, and delays in resuming oral medications, mobilization, and recovery (Jolley, 2001; Miaskowski, 2009 ). The use of opioids for postoperative pain is the primary predictor of PONV (Watcha & White, 1992) . Three mechanisms involving opioids lead to stimulation of the emetic center in the medulla following surgery (Nielson & Olsen, 2008) : First, reduced gastrointestinal (GI) mobility from postoperative opioids or manipulation of the GI tract during surgery generates a release of serotonin from the enterochromaffin cells in the GI tract (enterochromaffin cells produce 90% of the body's serotonin). Serotonin then binds to serotonin receptors located peripherally in the vagal nerve terminals, stimulating vagal afferent neurons that in turn directly activate the vomiting center (Ho & Gan, 2006) . The second mechanism occurs when opioids used for postoperative pain stimulate serotonin (5-HT3) receptors located in the chemoreceptor trigger zone which then send impulses to the vomiting center in the medulla oblongata. A third mechanism arises when opioids enhance the sensitivity of the middle ear to movement (Nelson, 2002) . This action activates the emetic center through the release of histamine and acetylcholine from vestibular fibers. Other well-established predictors of PONV include female gender, a negative smoking history and previous history of PONV or motion sickness illness (Apfel et al., 2008) . The use of serotonin antagonists has improved the management of PONV, but despite the evolution of new medications and risk protocols, 20-30% of postoperative patients continue to experience PONV (Kranke et al., 2009 ). It is not clear why some patients respond well to antiemetic protocols and others do not. Understanding genetic variability in the mechanisms underlying PONV may help to clarify this variability in PONV.
The gene CYP2D6, a member of the CYP450 super family, encodes for a hepatic enzyme involved in the metabolism of 25% of all medications, including many opioids and antiemetics (Owen, Sangkuhl, Klein, &Altman, 2009; Zhou, 2009 ). CYP2D6 is located on chromosome 22, where it forms part of the CYP2D6 gene cluster with two nonfunctional pseudogenes, CYP2D7P and CYP2D8P (Arneth, Shams, Hiemke, & Hartter, 2009 ). CYP2D6 is highly polymorphic, with over 100 known allelic variants (Ingelman-Sundberg, Daly, & Nebert, 2009 ). Some polymorphisms lead to a complete loss of CYP2D6 function and others to reduced activity. Researchers have developed a system to classify patients into one of four types based on allelic variation: poor metabolizers (PMs), intermediate metabolizers (IMs), extensive metabolizers (EMs) and ultrarapid metabolizers (UMs), (Daly et al., 1996) . EMs have normal CYP2D6 metabolism, with CYP2D6*1 considered the ''wildtype'' or reference allele (Sweeney, 2003) . Sachse, Brockmöller, Bauer, and Roots (1997) report the prevalence of the different metabolizers in the Caucasian population as EMs 70-80%, IMs 10-17%, PMs 5-10%, and UMs 2-5%. Due to potential overlap and clinical similarities, investigators sometimes report IM and EM types as one group labeled EM/IM (de Leon, Armstrong, & Cozza, 2006) . Other research provides evidence that patients who are classified as IMs are unique, with decreased metabolic activity that may be closer to that of the PMs (Furman et al., 2004; Gaedigk et al., 2008) .
The most common variant alleles found in Caucasians are CYP2D6*4 (23%), which causes a splicing defect resulting in a nonfunctioning allele, and CYP2D6*5 (4%), which results in the total deletion of CYP2D6 (Arneth et al., 2009) . Patients who are homozygous for CYP2D6*5 and CYP2D6*4 are classified as PMs. PMs are actually at risk for two potential types of problems. First, because they metabolize CYP2D6 substrates (drugs for which CYP2D6 is necessary for their metabolism) more slowly, they have increased plasma exposure to those drugs, which can increase the risk of a drug-induced adverse reaction. PMs are also at risk of reduced efficacy from medications that require CYP2D6 for conversion to an active drug. For example, oxycodone, a medication frequently prescribed for postoperative pain, requires CYP2D6 for the creation of oxymorphone, the active metabolite of oxycodone (Holmquist, 2009) . Ultrametabolizers (UMs) are the result of a copy number variant (extra genes), resulting in increased metabolic capacity (Arneth et al., 2009) . UMs usually require less opioids in the postoperative period compared to the other groups due to enhanced metabolic activity (Yang, et al., 2012) , yet they are also at risk of intense adverse events from this more rapid metabolism (Leppert, 2011) .
Researchers first found that CYP2D6 effected drug metabolism in a pharmacokinetic study of the antiarrhythmic drug sparteine when they serendipitously observed that some subjects experienced symptoms of nausea and diplopia, which are indicative of toxic doses of sparteine (Eichelbaum, Spannbrucker, Steincke, & Dengler, 1979) . Only recently have researchers demonstrated that the defective metabolism first localized by Eichenbaum and colleagues 30 years ago is inherited as an autosomal recessive trait affecting the CYP2D6 gene (Sweeney, 2003) . Several studies have examined the association of CYP2D6 and nausea and vomiting. Candiotti and colleagues (2005) compared 250 female patients in terms of their CYP2D6 metabolic status and incidence of PONV. When they analyzed the 88 subjects who experienced PONV by genotype, they found that 45% of the patients classified as UM (5 of the 11 patients) experienced PONV as compared to 8% in the PM group, 17% in the IM group, and 15% in the EM group. Janicki, Schuler, Jarzembowski, and Rossi (2006) compared treatment of PONV with granisetron and dolasetron in relation to the CYP2D6 genotype in 150 subjects considered to have moderate-to-high risk of PONV. Among the subjects treated with dolasetron (a drug that is metabolized by CYP2D6), the greatest incidence of nausea and vomiting occurred in subjects who were classified as UM. Kirchheiner and colleagues (2008) studied the response to opioids in healthy subjects preclassified as either UM or EM. They found that subjects classified as UM were more sensitive to opioids than those who were classified as EM. In a different group of patients, Kaiser and colleagues (2002) also found significantly more nausea and vomiting in their oncology patients who were defined as UMs.
The current antiemetic drug of choice is ondansetron, a serotonin receptor antagonist that is metabolized in part by CYP2D6. Stamer, Rauers, Eun-Hae, Mubhoff, and Stüber (2009) found that surgical subjects that possessed three or more active CYP2D6 alleles (and were thus classified as UM) had reduced ondansetron plasma concentration compared to those subjects that had zero-to-two active alleles. Candiotti and colleagues (2005) also observed a higher incidence of ondansetron failure for vomiting in their subjects with three or more copies of the CYP2D6 gene. There is strong evidence that subjects who are genotyped as UMs will experience rapid drug metabolism and be at an increased risk of PONV, though based on findings of other population-level studies of Caucasians, we would expect as few as 3% of patients to be categorized as UMs (Zhou, 2010) . Because of the low incidence of UMs, other researchers have looked more closely at the larger number of patients classified as IM or PM. Zwisler and colleagues (2009) compared only PMs and EMs in their study of the hypoalgesic effects of oxycodone in 33 healthy volunteers. Though working with a small sample, they found statistically significant differences in the analgesic effects of oxycodone based on genotype, but they did not find differences in the opioid side effects of nausea and vomiting. A published case study about a CYP2D6 poor metabolizer demonstrates the potential of personalized medicine. The report describes an 85-year-old woman recovering from hip surgery. The patient had a long-standing intolerance to codeine, and during her first admission clinicians ordered treatment with oxycodone combined with tramadol. The initial oxycodone dose was 5 mg combined with 500 mg of acetaminophen every 12 hr. The dosage was increased to 10 mg every 12 hr and then 7.5 mg every 6 hr. Analgesia was still not achieved, and the patient suffered severe nausea and vomiting. When she was readmitted for further surgery, clinicians made the decision to analyze her CYP2D6 status and classified her as PM (Susce, Murray-Carmichael, & de Leon, 2006) .
Increasing our understanding of both known risk factors for PONV and possible genetic risk factors has the potential to decrease or eliminate this common and distressing postoperative complication. The purpose of the present study was to explore the association between PONV and CYP2D6 genotypes in trauma patients admitted for surgical repair of a single extremity fracture. We selected this patient population to minimize the possibility of potential confounding variables related to comorbidities and surgical procedure.
Methods

Design and Sample
With Institutional Review Board approval, we enrolled 143 patients. Participants were between 18 and 70 years old, received general anesthesia or general and regional anesthesia for surgery that was expected to be 4 hr, had an isolated orthopedic injury, and had an American Society of Anesthesiologists physical status of I, II, or III. We excluded potential participants for reported opioid use during the 6 months prior to surgery, reported alcohol use in the 24 hr preceding surgery, recreational drug use in the preceding 6 months, or any documented history of alcohol abuse, mental illness, hepatic disease, renal disease, neurologic conditions such as stroke, head injury, spinal cord injury, or intracerebral hemorrhage, or previous history of arthritis or bone disease to eliminate the potential confounding role of these variables. To control for population stratification, we limited our analyses to self-reported Caucasians, which produced a sample size of 112 participants.
Data we collected included demographic characteristics, pain scores, presence of PONV as measured by the need for rescue antiemetics, amount of opioids given during surgery and amount of opioids given while in the postanesthesia care unit (PACU), current smoking status and history of previous PONV or motion sickness. We recorded amount and type of anesthesia agents from the anesthesia record. We assessed pain via selfreport 15 min after the participant was admitted to the PACU and again at 45 min after admission to the PACU. We operationalized pain on an 11-point verbal pain score (VPS), with 0 representing no pain and 10 representing the worst pain ever imagined. Investigators have shown the VPS to be equivalent in the measure of pain as the frequently used visual analog scale (Cork et al., 2004) . We assessed PONV as a binary variable. If the participant received antiemetic medication postoperatively for PONV, we considered them to be positive for PONV. Because it is standard practice in our institution to medicate all surgical patients with 4 mg of IV ondansetron before they leave the operating room (OR), we did not include this dose in our data collection. We obtained PONV measures at two points: that which occurred in the PACU and that which occurred within 48 hr of surgery. In addition, we recorded the total amount of opioids administered during the procedure and in the PACU, converting all administered opioids to morphine equivalents for comparison (McCaffery & Pasero, 1999) and then adjusting by weight for the score used in this study.
Genetic Data
We used Oragene DNA self-collection kits (DNA Genotek Corporation, Ottawa, Canada) to collect saliva samples after surgery. We extracted DNA from the saliva/buffer combination utilizing the protocol and reagents for extraction supplied with the Oragene kit. Using the prepared DNA, we determined CYP2D6 genotypes by the TaqMan Allelic Discrimination Assay (Applied Biosystems, Foster City, CA) using the ABI Prism7000 sequence detection system. We used quantitative real-time PCR based-Copy Number assays to determine the number of CYP2D6 gene copies (Applied Biosystems, Foster City, CA). The Allelic Discrimination assay includes the following alleles: rs16497 (which defines allele CYP2D6*2), rs3572686 (CYP2D6*3), rs3892097 (CYP2D6*4), rs5030656 (CYP2D6*9), rs1065852 (CYP2D6*10), rs28371706 (CYP2D6*17), rs1135840 (CYP2D6*39), and CYP2D6*5, which is defined by whole gene deletion. Based on genotyping results, we classified participants as EMs, IMs, or PMs, as shown in Table 1 . There were no participants in this study with multiple CYP2D6 genes who would have been classified as UM. We classified participants who had two fully functional alleles as EMs, those with one fully functional allele and one decreased function or a nonfunctioning allele as IMs, and those with two nonfunctioning alleles as PMs.
We stored all DNA samples in 1X TE buffer at 4 C. All analyses were performed in the genetics laboratory at the University of Pittsburgh, School of Nursing.
Data Analysis
We performed statistical analyses using SPSS 17.0 (Statistical Package for the Social Sciences [SPSS], 2009). We computed means and standard deviations for each variable. To assess for the risk of multicollinearity, we computed correlations for all predictor variables. We computed the associations between suspected covariates and all independent variables of interest and the dependent variable to determine that the possible covariates were not confounders. Suspected covariates were the known risk factors for nonsmoking, history of PONV or motion sickness, and gender. Because all patients received opioids during surgery or in the PACU, we did not consider opioids to be a covariate in this study. We screened data for outliers and missing data. We computed unadjusted odds ratios with confidence intervals using univariate logistic regression. We used hierarchical binary logistic regression to determine the relationship of PONV with the CYP2D6 classifications, controlling for the known risk factors of smoking, history of PONV, and gender by their inclusion in the first block. Because the study model suggested that CYP2D6 could be a moderator in the relationship between the amount of opioids administered and PONV, we investigated an interaction between total opioids by weight and CYP2D6 classification. We employed the Hosmer Lemeshow test to evaluate the goodness of fit of the binary logistic regression model and the omnibus test of model coefficients (model chi-square) to ensure that there was no evidence to suggest lack of fit. We used analysis of variance (ANOVA) to compare the means of the three CYP2D6 classifications on amounts of ondansetron given in 48 hr and total amount of opioids administered. We set the level of significance at p < .05 for two-sided hypothesis testing.
Results
Subject characteristics are reported in Table 2 . The sample of 112 patients was predominately male nonsmokers (n ¼ 66, 59%) with a mean age of 39.4 + 12.7 years. Few subjects reported PONV with previous surgery. In the present study, the incidence of PONV (subjects who required antiemetic medication) was 38% in the PACU but increased to 50% during the first 48 hr after surgery. Mean postoperative pain scores were 6.83 + 3.08 (15 min) and 6.20 + 2.82 (45 min) after admission to the PACU. The type of anesthetic agents used were isoflurane (n ¼ 7), desflurane (n ¼ 57), and sevoflurane (n ¼ 49). There were no differences in PONV across the three agents.
There were considerably more EMs than IMs or PMs. The most frequently occurring allele was CYP2D6*2, with 86 alleles, followed by CYP2D6*1, with 75 alleles. More than one third (n ¼ 32 [34%]) of the subjects had at least one CYP2D6*4 allele, with six (5%) subjects being homozygous *4/*4 for that allele (Table  3 ). In addition, one subject had two decreased-functioning alleles (*9/*9) and, based on phenotype, we assigned that subject, along with the six homozygous for *4, to the PM category.
Female gender and history of PONV, but not smoking status, were significant risk factors for PONV in the present study.
The omnibus test of model coefficient w 2 for the model was 31.839 (p < .001). The Hosmer Lemeshow goodness-of-fit test for the model was w 2 ¼ 13.261 (p ¼ .130), meaning this model shows no evidence of lack of fit. Using the EM group as the reference for binary hierarchical logistic regression (Table 4) , we found a significant difference with the PM group for presence of PONV (p ¼ .003) but not with the IM group (p > .563). We observed a significant interaction between total opioids adjusted by weight and a classification of PM (p ¼ .010) but not the other CYP2D6 classifications. Subjects classified as PM (who received higher doses of opioids) had a decreased risk of experiencing PONV. We noted a significant difference in the amount of total opioids received (p ¼ .007)) when we compared total ondansetron and total opioids adjusted by weight across the three CYP2D6 classifications (Figure 1) . We did not find significant differences in the amount of ondansetron received across the same three groups (p ¼ .270). However, the PM group required a smaller amount (2.28 + 3.15 mg) of ondansetron for PONV compared to the EM group (3.88 + 4.38 mg; Figure 1 ). The range of total ondansetron dosage for the PM group was 0-8 mg, while the range for the EM group was 0-20 mg. Because of the small sample size for the PM group, we combined the PM and IM groups and compared the combined group to the EM group for incidence of PONV. The odds ratio for this comparison was 2.016 (95% CI ¼ [.92, 4.413]).
Discussion
The major findings of this study were (1) PMs experienced less PONV compared to the EM group but received higher doses of total opioids adjusted by weight and (2) 50% of all patients experienced some level of PONV within 48 hr of surgery.
The distribution of CYP2D6 classification groups for this study was consistent with previous studies. There were 65 (58%) and 40 (35%) patients classified as EMs and IMs, respectively. The 7 subjects (6.9%) classified as PMs fall within the 5-10% range usually reported in the literature. Most studies have reported that 2-3% of the population are UMs, so it was disappointing but not unexpected that we did not identify a UM (Owen et al., 2009; Zhou, 2009 ).
PMs in this study were less likely to experience PONV compared to the EM group, yet they received higher doses of total opioids adjusted by weight. Most researchers have reported no significant difference in incidence of PONV between EMs and PMs (Candiotti et al., 2005; Janicki, Schuler, Jarzembowski, & Rossi, 2006) . In one recent study, however, Yang and colleagues (2012) reported the occurrence of severe postoperative pain was significantly higher in PMs as compared to the other metabolizer groups, requiring higher doses of opioids for pain relief. Many researchers combine the EMs and IMs into one group when reporting results. But in a recent study by Arneth and colleagues (2009) in which they examined serum levels of patients treated with the antidepressant venlafaxine, the ratio of venlafaxine to the active metabolite O-desmethylvenlafaxine (ODV) [major metabolite from venlafaxine produced by CYP2D6] in serum was higher for patients with one CYP2D6*4 allele than for patients with two *4 alleles but significantly lower than for patients who were EMs; thus the investigators classified them as IMs. We chose to attempt to differentiate between the EMs and IMs, given this evidence that there may be detectable differences. In fact, the mean total opioid dose adjusted by weight was significantly different across the three groups, with a modest ''intermediate'' step between the EM and PM group, providing support for an autonomous intermediate group.
The *4 allele is present in high frequency and accounts for >75% of allelic variants in Caucasians (Stamer, Bayerer, Wolf, Hoeft, & Stüber, 2002) . Prior findings are consistent with results of this study, in which CYP2D6*4 was the variant allele we detected most frequently (n ¼ 38). The two other variant alleles we detected were CYP2D6*9 (n ¼ 4) and CYP2D6*3 (n ¼ 2). The one subject with two decreased-function alleles (*9/*9) by definition should probably be considered an IM (Owen et al., 2009 ), but based on phenotype we assigned this subject PM status. This subject required the highest amount of postoperative opioids of all subjects and reported pain levels of 10 at both 15 and 45 min postoperatively.
In our study, 56 (50%) patients were treated with ondansetron during their stay in the PACU and during the 48-hr postsurgery compared to 38 (34%) patients in the PACU alone. This is consistent with many studies focused on postoperative complications (Janicki et al., 2006; Meng & Quinlan, 2006) . It is standard practice in our institution to medicate all surgical patients with 4 mg of IV ondansetron prior to their leaving the OR. Yet even with the administration of this prophylactic dose of ondansetron in the OR, a third of our subjects experienced PONV in the PACU. The American Society of PeriAnesthesia Nursing (ASPAN, 2006) describes problems associated with postdischarge nausea and vomiting; yet, there is limited research describing outcomes after the first 24-hr postoperative period. The present study's finding of a 16% increase in PONV during the 48 hr after discharge from the PACU is highly significant, particularly in light of the number of ambulatory surgical procedures being performed. Discharge education in regard to PONV is, thus, of critical importance.
When we examined ondansetron dosage for the three CYP2D6 classifications, we found that mean ondansetron dosage for the PM group was less than 2.5 mg for the 48-hr postoperative period. No subject in this group required more than two doses of ondansetron (ondansetron is given in 4 mg doses usually every 6 hr). The range was broader for the IM and EM groups, with some patients in both groups requiring up to 20 mg of ondansetron 48 hr postoperatively. The results for total opioids are paradoxical compared to those for ondansetron. Those patients who required the most opioids (PMs) required the least amount of ondansetron, and those who required the most ondansetron required the lowest amount of opioids for pain ( Figure 1) . These findings are consistent with the recent findings of Kim, Choi, Kang, and Bae (2010) , who reported that subjects with knee osteoarthritis taking tramadol for less than 14 days and classified as EM had significantly more nausea and vomiting than similar subjects taking tramadol and classified as IM. Investigators in two other studies reported results for postoperative patients who required more opioids for pain but experienced less PONV. In both studies, researchers believed that the difference was due to variability in the mu-opioid receptor gene; subjects who had the wild type allele required less opioids yet experienced more PONV (Chou et al., 2006; Sia et al., 2008) .
It is not surprising that two of the major risk factors for PONV, a positive history of PONV and gender, were significant predictors of PONV, as this finding has been well documented in previous research (Apfel et al., 2008) . Recent studies have also advanced the knowledge of risk factors (Apfel et al., 2008; Murphy, Hooper, Sullivan, Clifford, & Apfel, 2006; White, O'Hara, Robertson, Wender, & Candiotti, 2008) . Risk factors that researchers identified most frequently include gender, smoking status, history of PONV or motion sickness, and use of opioids for postoperative pain. Apfel and colleagues developed a data-based assessment tool to predict risk of PONV (Apfel, Laara, Koivuranta, Greim, & Roewer, 1999) . The tool assigns one point for each known risk factor. For example, a nonsmoking female with a previous history of PONV that was treated with opioids for postoperative pain would be assigned a score of 4. In a study of 1,137 postsurgical patients, Apfel and colleagues reported that the presence of one, two, three, and four of these risk factors increased the incidence of PONV by 21%, 39%, 61%, and 79%, respectively. The PONV risk factor assessment tool provides guidance to physicians and nurses regarding the identification of high-risk patients and need for prophylactic antiemetic therapy (Apfel et al., 2008) .
Smoking, which is usually a strong predictor of decreased PONV, did not have a significant influence in the present study. This finding may be due to the greater-thanaverage number of smokers in the sample, or it may be because the smokers were primarily male and female gender is a stronger predictor than smoking (Apfel et al., 2008) . The American Heart Association (Roger et al., 2011) reports that 18-21% of Americans are current smokers, while 43% of the present group of orthopedic trauma patients were current smokers. Brattwall and colleagues (2009) , who reported that 32% of subjects in their study were current smokers or snuff users, found that PONV was reduced by 50% in tobacco users when compared to the nontobacco use group in both genders on the day of surgery and the first postoperative day. Interestingly, they reported that smoking and snuff use equally reduced PONV. We were unable to test this in our sample because we did not record data on snuff usage.
Though it is not included as one of the four major risk factors in most adult PONV scoring systems (Apfel et al., 1999) , researchers have identified age as a moderate predictor for PONV (Junger et al., 2001; Sinclair, Chung, & Mezei, 2000) . The relatively young mean age of the present sample (39 years) might have contributed to the influence of age in our study.
We controlled for two additional factors that researchers have described as possible predictors for PONV by study inclusion criteria: type and length of surgery (Junger et al., 2001; Sinclair et al., 2000) . All study participants were admitted for an orthopedic procedure for single isolated extremity fracture, and we did not includes any subjects with surgery time greater than 4 hours.
Limitations
We conducted this study in a single center, and practices in regard to administration of pre-and postoperative medications may have influenced the occurrence of PONV. We gathered several of our variables through retrospective data collection Note. Mean total mg of opioids adjusted by weight compared to mean total mg ondansetron for the three CYP2D6 classification groups. The three groups were significantly different in amount of opioids received (*p ¼ .007) when analyzed by analysis of variance (ANOVA). The groups were not statistically different for total doses of ondansetron (p ¼ .27), yet those subjects who required more opioids required less antiemetic medication. PMs ¼ poor metabolizers; IMs ¼ intermediate metabolizers; EMs ¼ extensive metabolizers. (history of PONV and smoking); this retrospective data collection may increase the risk of missing data, mistakes during interpretation of data, or incorrect documentation. In addition, we only analyzed Caucasians in this study due to the small number of non-Caucasians enrolled to date. Thus, our findings cannot be generalized to other racial/ethnic groups. Finally, our study's sample size was relatively small. A larger fully powered prospective, controlled study that follows patients postoperatively and measures both the episodes of vomiting and the severity of nausea directly would allow for a more robust analysis, especially if it were large enough to identify patients that fall into the UM classification.
Conclusion and Implications for Clinical Practice
The goal of personalized medicine is to provide physicians and nurses with the knowledge to utilize the most appropriate treatment and dosing scheme for each individual patient. To prepare for that eventuality, it is necessary for clinical genetic research to continue to identify risk factors that may predispose patients to a negative outcome. Sweeney (2003) noted that health care providers should consider interindividual variability in response to medications as a major clinical problem. An enhanced ability to recognize when patients are not responding to treatment due to genetic variants or other factors will make nurses more understanding when a postoperative patient requires more opioids or antiemetics than usual and more likely to know when to implement alternative strategies for successful postoperative recovery. The finding that PONV increased after discharge from the PACU also has important implications for postoperative treatment. Appropriate treatment of PONV is typically available for hospitalized patients but may not be as available for patients who undergo outpatient surgery. Nurses should provide patient education on the risk of PONV after discharge and suggest appropriate strategies for patients to use at home for treatment.
Future research should also explore the variability in the neurotransmitter genes related to the emetic pathway that may help explain the 20-30% of postoperative patients who do not respond to antiemetics.
